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SUMMARY

Evidence was obtained that glucocorticoids are capable of modulating the CD23 expression and
soluble(s) CD23 release of peripheral blood lymphocytes (PBL). We demonstrate that interleukin-2
(IL-2)- and IL-4-induced CD23 expression are susceptible to glucocorticoids to a different degree.
Prednisolone suppressed the spontaneous and IL-2-induced CD23 expression on PBL of healthy
donors. The IL-4-induced CD23 expression was influenced much less by prednisolone, but the
expression kinetics was altered. The modulation of the expression kinetics appears to be due to a
priming effect of prednisolone. Differences were also apparent when the susceptibility of PBL from
healthy and atopic donors towards the effect of prednisolone on the IL-4-induced CD23 expression
was studied. Preactivation of PBL with Staphylococcus aureus strain Cowan I abolished the
differences. Prednisolone also suppressed the sCD23 release from unstimulated and IL-2- or IL-4-
stimulated PBL and enhanced the immunoglobulin (E,G,A,M) synthesis of PBL. This enhancement
appears to be due to a priming effect, since pre-stimulation ofPBL with prednisolone was sufficient to
enhance the immunoglobulin synthesis. The IL-4-induced IgE synthesis of PBL with or without
spontaneous in vitro IgE synthesis was synergistically enhanced by glucocorticoids.

INTRODUCTION

Corticosteroids are frequently used as immunosuppressive
agents for the therapy of inflammatory or immunologically
induced diseases. Many of their effects are due to the binding of
the hormone to intracellular receptors. The hormone-receptor
complexes bind to specific DNA sequences (Evans, 1988), the
glucocorticoid-responsive elements (GRE; Yamamoto, 1985).
By this mechanism the gene expression and mRNA concentra-
tion are modulated, leading either to an initiation or termination
of protein synthesis. The anti-inflammatory action is classically
attributed to a class of corticosteroid proteins, the lipocortins.
The lipocortins act by inhibiting phospholipase A2, which leads
to a suppression of arachidonic acid release from membrane
phospholipids and thereby to an altered signal transduction
cascade. It has been shown that the synthesis and release of
several lymphokines, such as interleukin-l (IL-2) (Ken et al.,
1988), IL-2 and interferon-gamma (IFN-y) (Arya et al., 1984),
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IL-3 (Culpepper & Lee, 1985), IL-4 (Daynes & Araneo, 1989)
and IL-6 (Helfgott et al., 1987), is regulated via this signal
transduction cascade. In addition to the immunosuppressive
effects an enhancement of the in vivo IgE synthesis after
corticosteroid treatment (Posey et al., 1978), as well as an
enhanced in vitro IgE synthesis from PBL of atopic patients, was
reported (Hemady et al., 1985). Recently, it has been shown that
B-cell chronic leukaemia cells are capable of synthesizing IgE
in vitro when the cells are stimulated with corticosteroids
(Sarfati et al., 1989).

It has been shown that the low affinity receptor for IgE
(FcERII, CD23) and its soluble cleavage products, the IgE-
binding factors (IgE-BF, sCD23), are involved in IgE regulation
(Nne et al., 1988). Furthermore, evidence has been provided
that the CD23/sCD23 system is involved in IgE mediated
allergic responses (Knoller et al., 1989). Differences in the
molecular weight pattern ofsCD23 in the serum of patients with
hyper IgE syndrome, atopic dermatitis and healthy donors have
been described (Leung et al., 1986; Bujanowski-Weber et al.,
1988).

The IgE synthesis, as well as the CD23/sCD23 synthesis, is
induced by IL-4 (Defrance et al., 1987). IL-2 is also capable of
inducing sCD23 release (Bujanowski-Weber et al., 1988) and
CD23 expression (Knoller et al., 1989; Hivroz et al., 1989). IL-2
selectively induces the expression of CD23 on B cells (Fischer
et al., 1990/91). Isolation of two different cDNA for CD23
(Kikutani et al., 1986; Yokota et al., 1988) and the analysis of
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genomic clones of CD23 (Sueter et al., 1987) revealed the
existence oftwo nearly identical receptors, which were regulated
differently. CD23 A is a B-cell differentiation marker and CD23
B is the IL-4-inducible FceRII involved in IgE-mediated allergic
responses (Yokota et al., 1988). The analysis of the genomic
sequence revealed several putative GRE in the 5'-regulative
region of the CD23 transcription unit (A. Fischer, unpublished
observation).

These observations prompted us to investigate the influence
of the glucocorticoid prednisolone on the spontaneous and
cytokine-induced in vitro CD23 expression, sCD23 release and
Ig(E,G,A,M) synthesis of peripheral blood lymphocytes.

MATERIALS AND METHODS

Cells
Peripheral blood lymphocytes (PBL) were prepared from
heparinized venous blood of healthy donors by standard Ficoll-
Metrizoate density gradient centrifugation according to the
method of Boyum (1968). The cells were washed three times
with RPMI-1640 medium.

Culture conditions
All media and supplements were purchased from Gibco Europe
Ltd (Karlsruhe, FRG) unless otherwise indicated. Peripheral
lymphocytes (1 x 106/ml) were cultured in a water saturated
atmosphere containing 5% CO2. The culture medium consisted
of RPMI-1640 medium with 2 mM L-glutamine, 10% foetal calf
serum (FCS), 100 pg/ml streptomycin, 100 IU/ml penicillin,
10 mm HEPES and 20 mm sodium hydrogen carbonate.

Stimulation experiments
5 X 106 freshly prepared peripheral lymphocytes were suspended
in 5 ml culture medium with various amounts of cytokines, as
indicated in the Results. The stimulations were carried out in
6-well culture plates (Costar, Cambridge, MA) over a period of
3-15 days. The following stimuli were used: recombinant
human IL-2 (Boehringer, Mannheim, FRG), recombinant
human IL-4 (Genzyme, purchased from IC Chemikalien,
Minchen, FRG), and prednisolone (1-dehydrocortisone; Sigma
Chemie, Deisenhofen, FRG).

Antibodies
The monoclonal antibodies mAb 176 and mAb 135 were a kind
gift of G. Delespesse (University of Montreal, Canada). These
mAb are specific for different epitopes of the low affinity IgE
receptor (Rector et al., 1985) on human lymphocytes (CD23)
and its proteolytic fragments (45,000 and 25,000 MW sCD23).
Polyclonal goat anti-human Ig(G,E,A,M) (Tago, Burlingame,
CA) were purchased from Medac (Hamburg, FRG). 125J-
labelled antibodies were prepared by the chloramine T method
(Klinman & Taylor, 1969). 0-1 mg (1 mg/ml) of antibodies was
labelled with 37 MBq Nal25J (specific activity 520 2 GBq/mg of
jodine; Amersham-Buchler, Braunschweig, FRG) to a specific
activity of 0-296 MBq/pg.

Determination of CD23
The quantification of CD23 on PBL was carried out as
previously described (Bujanowski-Weber et al., 1988). Briefly,
1 x 106 non-adherent cells were incubated with '25J-labelled
mAb 135 (50 ng/200 p1, 14 8 kBq) for 1 hr. Separation of

unbound and bound antibodies was carried out by centrifuga-
tion through a 500 p1 FCS cushion (500 g, 15 min, 40) in
minitubes (Greiner, Nirtingen, FRG). After removal of
unbound radioactivity and washing with phosphate-buffered
saline (PBS) (0 05% Tween 40), the cell-bound radioactivity was
measured with a y-Counter (Packard Cobra, Packard-Can-
berra, Frankfurt, FRG). All determinations were made in
triplicates at least. The results are given as percentage binding of
the total of 125J-labelled mAb 135 applied. The viability of the
applied stimulated cells was always higher than 95%, as shown
by trypan blue staining. The specificity of the assay for CD23
has been demonstrated by inhibition of mAb 135 binding to
stimulated PBL and several cell lines by IgE. Furthermore, the
specifity has been demonstrated by the identical binding curves
of '25J-labelled IgE (PS) to stimulated PBL and RPMI-8866 cells
and by FACS analysis using a sandwich immunofluorescence
assay with mAb 135 and FITC-labelled goat anti-mouse Ig
(Becton-Dickinson, Heidelberg, FRG).

Determination ofsCD23
The quantification ofsCD23 was carried out by a sandwich RIA
as described in detail elsewhere (Bujanowski-Weber et al., 1988).
Briefly, microtitre plates with removable round-bottomed wells
(Dynatech, Denkendorf, FRG) were precoated with mAb 176
(1 Mg/ml). The unoccupied protein binding capacity of the
plastic surface was saturated with 0 05% Tween 40 (Serva,
Heidelberg, FRG) and with 1% bovine serum albumin (BSA;
Boehringer) in PBS; incubation with culture supernatants of the
stimulated cells was then performed and the bound sCD23 was
detected with '25J-labelled mAb 135 (12-5 ng/100 p1, 3-7 kBq).
Results are given in U/ml sCD23. 100 U/ml was defined as the
concentration of sCD23 in the supernatant of a serum-free 1-
day culture of RPMI-8866 cells at a density of 1 x 106 cells/ml.

Analysis of immunoglobulins
The Ig(E,G,A,M) content of the culture supernatants was
determined by a solid-phase sandwich RIA. Microtitre plates
with removable round-bottomed wells were precoated for 4 hr
with polyclonal anti-human Ig(E,G,A,M) (1:1000 dilution).
One-hundred microlitres of an appropriate dilution of the cell-
free supernatants [IgE undiluted, Ig(G,A,M) 1: 5-1:50 dilution]
were applied overnight at 40 (IgE) or at room temperature (IgG,
IgM, IgA). In parallel, standard curves for IgE (0-2-200 ng/ml)
and Ig(G,A,M) (0 3-300 ng/ml) were performed for the calib-
ration of the RIA. '25J-labelled class-specific antibodies (12-5 ng/
100 pl, 3-7 kBq) were added for additional 4 hr and the bound
activity was measured. The detection limit for IgE was 0-2 ng/ml
and for Ig(G,A,M) less than 0-3 ng/ml. The specificity of the
assays was demonstrated by adding immunoglobulins of other
isotypes.

Analysis of data
All experiments were made at least three times. Because of the
great inter-individual variance of the quantitative measure-

ments, the results of one typical experiment are shown. There-
fore, the standard deviations given in the figures are the
deviations calculated from triplicate cultures out of a single
experiment. The significancies given in the result section were
calculated by Student's t-test for the mean values of three
independent experiments.
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Figure 1. Effect of prednisolone on the spontaneous and cytokine-induced CD23 expression and sCD23 release from PBL. PBL of
healthy donors were stimulated with different concentrations of prednisolone and IL-2 (20 U/ml) or IL-4 (10 U/ml). The CD23
expression was measured after 3 days of stimulation (IL-4 co-stimulations) or 7 days (IL-2 co-stimulations). The sCD23 content of the
cell-free supernatants was analysed at Day 7. Effect of prednisolone on the (a) spontaneous CD23 expression; (b) the spontaneous
sCD23 release; IL-2-induced (c) CD23 expression and (d) sCD23 release; IL-4-induced (e) CD23 expression and (f) sCD23 release.
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Figure 2. Effect of prednisolone on the CD23 expression of PBL from
normal and atopic donors. Freshly prepared PBL of healthy (a) and
atopic donors (b) were incubated with different concentrations ofIL-4 in
the presence or absence of prednisolone. The CD23 expression was
analysed after 3 and 7 days of stimulation with IL-4. The same
experiments were carried out after SAC pre-stimulation of PBL from
normal (c) and atopic (d) donors. (0) Prednisolone co-stimulation (Day
3); (*) control (Day 3); (+) prednisolone co-stimulation (Day 7);
(U) control (Day 7).

RESULTS

Effect of predmisolone on the spontaneous and cytokine-induced
CD23 expression and sCD23 release of PBL

Freshly isolated PBL of healthy donors were incubated with
different concentrations ofprednisolone over a period of 3 days.
The cells were then assayed for CD23 expression and the culture
supernatants analysed for the content of sCD23 at Day 7. As is
apparent, CD23 expression (Fig. la) significantly decreased

(P < 0-05) and the sCD23 release (Fig. I b) from PBL decreased
to the detection limit (P < 0005).

To evaluate the effect of glucocorticoids on the cytokine-
induced CD23 expression, PBL of healthy donors were incu-
bated with IL-2 or IL-4 in the presence of different concentra-
tions of prednisolone. The cell cultures were assayed for CD23
expression at Day 3 or Day 7. This is due to the different CD23
expression maxima after IL-2 and IL-4 stimulation. The sCD23
content of the supernatants was measured in both stimulation
protocols at Day 7 (Fig. ld and f).

The IL-2-induced CD23 expression and sCD23 release was
decreased by prednisolone in a dose-dependent manner. Even at
a concentration of 10-7 M prednisolone, the IL-2-induced CD23
expression (P < 0-05), as well as the IL-2-induced sCD23 release
(P< 0 005), was suppressed.

The IL-4-induced CD23 expression was not affected by
prednisolone at concentrations from 10-7 to 10-6 M. A slight,
but significant, decrease of CD23 expression (P<0-05) was
obtained with higher concentrations of prednisolone (10-5 M).
In contrast, the IL-4-induced sCD23 release was completely
inhibited at all prednisolone concentrations analysed
(P< 0 005).

Effect of prednisolone on the CD23 expression of pre-activated
and non-preactivated PBL from normal and atopic donors
Freshly isolated PBL from normal and atopic donors were
stimulated with different concentrations of IL-4 in the presence
or absence of 10-6 M prednisolone. A second series of experi-
ments was carried out with PBL which were pre-stimulated with
SAC and subsequently triggered in the same way. The CD23
expression of the cells was assayed at Days 3 and 7 after the
addition of the stimuli. Figure 2a shows the results for donor
cells from non-atopics. With IL-4 alone a dose-dependent
increase of CD23 expression with a maximum at Day 3 was
obtained. Addition of prednisolone to low amounts of IL-4
(2 U/ml) slightly decreased the CD23 expression (P < 0 05). At
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Figure 3. Priming effects of IL-4 and prednisolone on CD23 expression.

PBL of healthy donors were pre-stimulated with IL-4 (10 U/ml) or

prednisolone (10-6 M) for 1 day. After 1 day the cells were cultured with

stimulus 2, as indicated below. The CD23 expression was analysed at

Day 3 and Day 7 of stimulation period 2. (0) 0/0; (+) 4/0; (*) 4/P; (-)
P/4; (x) 0/4; (*) 4P/4; (A) 4P/4P; ( ) 4P/0. P. prednisolone; 4, IL-4.
The alpha-numerical combination in front ofthe slash refers to stimulus
1, the combination after the slash refers to stimulus 2.
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SAC-preactivated PBL of atopic donors was studied, it was
apparent that the dose-dependent increase of CD23 expression
by IL-4 was suppressed by prednisolone (P < 0-05).

Priming effects of prednisolone on the IL-4-induced CD23

expression
Experiments were then carried out to elucidate whether predni-
solone or IL-4 primes the cells for a subsequent stimulus. PBL of
healthy donors were preincubated for 1 day with the first
stimulus, washed and then stimulated with the subsequent
stimulus. The cells were assayed for CD23 expression at Days 0,
4 and 7 (Fig. 3).

At Day 4 a pronounced increase of the CD23 expression was
obtained under the following conditions: (i) no pre-stimulation,
post-stimulation with IL-4; (ii) pre-stimulation with IL-4 and
prednisolone, post-stimulation with IL-4 or IL-4 and predniso-
lone; (iii) prestimulation with prednisolone, post-stimulation
with IL-4.

Under all conditions (i-iii) the amount of CD23 expression
was similar.

At Day 7 a significant enhancement of the CD23 expression

was obtained under the following conditions: (i) no pre-

stimulation, post-stimulation with IL-4; (ii) pre-stimulation
with prednisolone, post-stimulation with IL-4; (iii) pre-stimula-
tion with IL-4 and prednisolone, post-stimulation with IL-4 or

IL-4 and prednisolone. The enhancement of the IL-4-induced
CD23 expression was significantly higher (P <005) when the
cells were incubated with prednisolone, independent of the
stimulation period in which the glucocorticoid was applied.
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Figure 4. Effect of prednisolone on the IgE synthesis of PBL from

donors without (a) or with (b) spontaneous IgE synthesis. PBL were

incubated with different concentrations of prednisolone (P) in the

presence or absence of IL-2 (20 U/ml) or IL-4 (10 U/ml). The cell-free

supernatants were assayed for the IgE contents at Day 15.

higher IL-4 concentrations prednisolone had no significant
effects. At Day 7 an enhancement of the IL-4 induced CD23

expression in the presence of prednisolone was observed.
Further experiments were carried out with PBL of atopic donors
(Fig. 2b). It is apparent that the IL-4 induced CD23 expression
of atopic donors is decreased by prednisolone (Day 3 P < 0 05;
Day 7 P < 0-005).

SAC preactivated PBL from healthy donors showed the

following results (Fig. 2c): At Day 3 the CD23 expression
induced by IL-4 was inhibited by prednisolone (P< 0 005). At

Day 7 the expression of CD23 by low amounts of IL-4 (0-2
U/ml) was inhibited by prednisolone; no significant modulation
of CD23 was detected at higher IL-4 concentrations. When

Modulation of the cytokine (IL-2, IL4)-induced IgE synthesis by
prednisolone
PBL of donors with or without spontaneous IgE synthesis were
incubated with different concentrations of prednisolone in the

presence of IL-4 or IL-2. The cell-free supernatants were

analysed for their IgE content at Day 15. Figure 4a shows the

results obtained with the cells of a healthy donor. It is apparent
that stimulation with prednisolone led to an enhanced IgE
synthesis (10-5 M prednisolone, P< 005). The IL-4-induced
increase in IgE synthesis was synergistically enhanced by
prednisolone (I0-5 M prednisolone, P < 0 005). No effect of the

prednisolone-induced IgE synthesis was obtained with IL-2.
When PBL from donors with spontaneous IgE synthesis

were studied, the following results were obtained (Fig. 4b):
prednisolone led to an enhanced IgE synthesis with a maximum

at 10-' M prednisolone (P<0-05). The induction of IgE
synthesis by IL-4 was synergistically enhanced by prednisolone
with an optimum at 10-7 M prednisolone (P<0-005). In the

presence of IL-2, prednisolone induced a slight, dose-dependent
reduction of IgE synthesis (P < 0-05).

Modulation of the Ig(G,A,M) release from cytokine-stimulated
PBL

Experiments were carried out to analyse the Ig(G,A,M) content

of the supernatants from PBL of healthy donors which were

stimulated for 7 days with 10-6 M prednisolone in the presence or

absence of IL-2 or IL-4.
Figure 5 shows that prednisolone also induced an increased

synthesis of IgG, IgA and IgM. Co-stimulations with IL-4
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Figure 5. Ig(G,AM) synthesis of cytokine-stimulated PBL by predniso-
lone. PBL from healthy donors were stimulated for 7 days with different
concentrations of prednisolone in the presence or absence of (b) IL-2
(20 U ml) or (a) IL-4 (10 U ml). The Ig contents of the culture
supernatants were analysed at Day 7.

(Fig. 5a) did not affect the prednisolone-induced IgG and IgM
synthesis. The prednisolone-induced IgA synthesis was syner-
gistically enhanced by IL-4 (P < 0 05). Co-stimulation with IL-2
revealed that the prednisolone-induced IgG and IgA synthesis
was decreased (IgG, P < 0 005; IgA, P < 0-05), whereas the
synthesis of IgM was enhanced by IL-2 (P < 0-05).

Priming effects of prednisolone on the IL-4-induced Ig(E,G,A,M)
synthesis (Fig. 6)

PBL of healthy donors were incubated with IL-4 or predniso-
lone for 3 days. Subsequently, the cells were washed and

stimulated with IL-4 or prednisolone. After IL-4 pre-stimula-
tion, the additional stimulation with IL-4 or prednisolone or a
combination of both stimuli led to an enhanced IgE synthesis
(P < 0 05).

Pre-stimulation of PBL with prednisolone led to an
enhanced IgE synthesis (P < 0-05). Subsequent stimulation with
IL-4 or prednisolone during the second stimulation period did
not induce a further enhancement of the IgE synthesis.

With regard to the IgG synthesis no significant differences
were obtained independently whether the cells were pre-
stimulated with IL-4 for I day or whether IL-4 was present over
the whole culture period. A slight, but insignificant suppression
of the IgG synthesis was observed when prednisolone was
present during the second culture period. After prednisolone
pre-stimulation the IgG synthesis was enhanced independently
of the applied stimuli during the second culture period
(P < 0 005).

After IL-4 pre-stimulation, the IgM synthesis was sup-
pressed when the cells were subsequently stimulated with IL-4
(P < 0 05). No significant effects were obtained when the cells
were post-stimulated with prednisolone. Co-stimulation with
IL-4 and prednisolone led to an enhanced IgM synthesis
(P<0 05). Pre-stimulation with prednisolone induced an
enhanced IgM synthesis which was not modulated by post-
stimulation with IL-4 or prednisolone. However, the combined
stimuli increased synthesis of IgM (P < 0 005).

The IgA synthesis of IL-4-stimulated PBL was not altered
after subsequent post-stimulation with IL-4. Post-stimulation
with prednisolone led to a reduced synthesis of IgA (P < 0-05).
This effect was not detectable when the cells were co-stimulated
with IL-4 and prednisolone in the second incubation period.

Pre-stimulation with prednisolone induced an enhanced IgA
synthesis (P < 005), which was not significantly affected by
post-stimulation with IL-4, while with prednisolone a further
increase was obtained (P < 0-05). Co-stimulation with IL-4 and
prednisolone in the second incubation period reduced the IgA
synthesis compared to the experiments in which the cells were
post-stimulated with prednisolone alone (P < 0 05).
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Figure 6. Influence of staging of the stimuli on Ig(E, G, A, M) synthesis. PBL of healthy donors were stimulated with IL-4 (10 U/ml) or

prednisolone (10-6 M). After 3 days the cells were washed and incubated with a combination of IL-4 and prednisolone for further 7 days.
After this time the cell-free supernatants were assayed for IgE (a), IgG (b), IgM (c) and IgA content (d).
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DISCUSSION

It has been shown that CD23 acts as a regulatory molecule for
B cells and that CD23 is involved in inflammatory reactions
induced by monocytes, eosinophils and platelets. In this study
we evaluated the influence of the corticosteroid prednisolone on
CD23 expression and sCD23 release of PBL from normal and
atopic donors. Our results show that the spontaneous ex-
pression ofCD23 type A on B cells (Yokota et al., 1988) and the
sCD23 release are suppressed by prednisolone. The IL-2-
induced synthesis of CD23, as well as the IL-2-induced sCD23
release, are also suppressed by prednisolone. The IL-4-induced
production of CD23, which is mainly due to an increase of
CD23 type B on T cells, B cells and monocytes was only slightly
affected by high doses of prednisolone. In contrast, the IL-4-
induced sCD23 release was inhibited completely. The differ-
ences in the susceptibility of the IL-2- and IL-4-induced CD23
expression towards prednisolone might be due to different
modes of action for the IL-2 and IL-4 induction of CD23. This
view is supported by the fact that IL-2, in contrast to IL-4, solely
enhances the CD23 expression on B cells.

It has been described that the sCD23 release from PBL
occurs via proteolysis (Nakajima et al., 1987). Since the sCD23
release from PBL was decreased by glucocorticoids under all
stimulation conditions tested, it is likely that the IL-2- and IL-4-
induced sCD23 release was achieved by the same proteolytic
mechanism which was inhibited by glucocorticoids. This
assumption is strengthened by the expression kinetics of CD23
after co-stimulation with IL-4 and prednisolone, which led to a

suppression of sCD23 release and an accumulation of cell-
surface bound CD23 receptor protein.

It has been discussed that CD23 is involved in allergic
responses (Yokota et al., 1988). Furthermore, it has been shown
that PBL from atopic donors are more susceptible to IL-4 than
PBL from normal donors (Pfeil et al., 1989) and that CD23
expression is enhanced by allergen (Prinz et al., 1987; Pfeil et al.,
1989). Therefore, we investigated the response pattern of IL-4-
stimulated PBL from atopic and healthy donors towards
prednisolone. It is obvious that the IL-4-induced CD23 synthe-
sis on PBL of atopic in comparison to normal donors is much
more susceptible towards prednisolone. Recently, it has been
shown that SAC-pre-stimulated PBL change the response
pattern towards cytokines. SAC-pre-stimulated PBL do not

generate IgE after IL-4 stimulation, whereas SAC-pre-stimu-
lated cells were required for the IgE induction by IL-2 (Knoller
et al., 1989). Interestingly, after SAC pre-stimulation, both PBL
from normal and atopic donors were susceptible towards the
suppressive effect of prednisolone for IL-4-induced CD23
expression. Apparently, the modulation of the cytokine-induced
CD23 expression is due to a priming effect of glucocorticoids.
Obviously, it is sufficient that prednisolone was present at the
beginning of the co-stimulation or that the cells were pre-
stimulated with prednisolone.

It is known that IL-4 (Defrance et al., 1987) and, under
certain conditions, IL-2 (Knoller et al., 1989, Chan & Dosch,
1989) are capable of enhancing IgE synthesis. Therefore, we

investigated the effects ofprednisolone and IL-2/IL-4 on the IgE
synthesis in co-stimulation assays. It was apparent that IL-4 as

well as prednisolone was capable of enhancing IgE synthesis
from PBL of donors with and without spontaneous IgE
synthesis. In both cases prednisolone and IL-4 acted synergisti-

cally on the IgE synthesis. Daynes & Araneo (1989) showed that
glucocorticoids are capable of enhancing the production of IL-4
from T cells, whereas IL-2 production is decreased. One might
speculate that the effect of glucocorticoids on IgE synthesis is
mediated by the stimulation of IL-4 production. This view is
supported by the fact that the co-stimulation of PBL from
donors with spontaneous in vitro IgE synthesis with IL-2 and
prednisolone led to an inhibition of the prednisolone-induced
IgE synthesis, which has been shown to be a characteristic
feature of the IL-4-induced IgE synthesis (Fischer et al.,
1990/9 1).

Inconsistent results have been published as to the effect of
glucocorticoids on Ig synthesis (Posey et al., 1978; Hemady et
al., 1985). Sarfati et al. (1989) demonstrated that BCLL cells and
activated B cells are capable of synthesizing IgE after cortico-
steroid treatment. Our data demonstrate the ability of peri-
pheral lymphocytes to synthesize IgE in vitro after prednisolone
treatment. It was shown that glucocorticoids enhanced the
synthesis of all Ig classes and that IL-2 and IL-4 showed a
complex modulatory pattern on the glucocorticoid-induced
immunoglobulin synthesis. It is known that glucocorticoids
modulate the expression of various cytokines and cytokine
receptors. Glucocorticoids also exert inhibitory effects on B-cell
activation and proliferation without suppressing the B-cell
differentiation. Therefore, glucocorticoids may have an enhanc-
ing effect on the differentiation of B cells via either direct action
on B cells or by the rearrangement of the T-cell or monocyte-
derived cytokine expression pattern. Interestingly, glucocorti-
coids are capable of generating Ig+ /Ia- B cells from normal and
pre-activated murine B cells (McMillan et al., 1988). The fact
that glucocorticoids decrease the CD23 expression on PBL
provides further evidence that CD23 and MHC class II are most
likely co-ordinately regulated (Rousset et al., 1988). Glucocorti-
coids synergistically enhanced the IL-4-induced IgE synthesis.
This is due to a priming effect, because pre-stimulation of PBL
with glucocorticoids was sufficient to enhance the IL-4-induced
IgE synthesis. In this regard, it has been described that the
glucocorticoid-mediated alteration of IFN-y, IL-2 and lympho-
toxin synthesis by T cells occurs already after pre-stimulation of
the cells (Cesario et al., 1986).

In conclusion our data provide evidence for the differential
effects of glucocorticoids on the spontaneous and IL-2/IL-4-
induced CD23 expression, sCD23 release and immunoglobulin
synthesis. Whether these effects reflect an alteration of the

cytokine expression pattern or a direct effect on the B-cell
differentiation is currently under study.

ACKNOWLEDGMENTS
A. Fischer was supported by Bundesministerium fur Forschung und
Technologie. W. Konig supported by Deutsche Forschungsgemein-
schaft und Bundesanstalt fur Arbeitsschutz.

REFERENCES
ARYA S.K., WONG-STAAL F. & GALLO R.C. (1984) Dexamethasone-

mediated inhibition of human T cell growth factor and T-Interferon
messenger RNA. J. Immunol. 133, 273.

BOYUM A. (1968) Separation of leukocytes from blood and bone
marrow. Scand. J. Lab. Invest. 21 (suppl. 97), 77.

BUJANOWSKI-WEBER J., KNOLLER I., BRINGS B., PFEIL T. & KONIG W.

(1988) Detection and characterization of IgE-binding factors



Regulation of CD23 expression by glucocorticoids 479

(IgE-BF) within supernatants ofcell line RPMI 8866, normal sera and
sera from atopic patients. Immunology, 65, 53.

CESARIO T.C., SLATER, L., Poo W.J., SPINDLER B., GORSE G. &
CARANDANG G. (1986) The effect of hydrocortisone on the produc-
tion of gamma interferon and other lymphokines by human periph-
eral blood mononuclear cells. J. Interferon Res. 6, 337.

CULPEPPER J.A. & LEE F. (1985) Regulation of IL-3 expression by
glucocorticoids in cloned murine T lymphocytes. J. Immunol. 135,
3191.

DAYNES R.A. & ARANEo B.A. (1989) Contrasting effects of glucocorti-
coids on the capacity of T cells to produce the growth factors
interleukin 2 and interleukin 4. Eur. J. Immunol. 19, 2319.

DEFRANCE T., AUBRY J.P., ROUSSET B., VANBERVLIET B., BONNEFOY
J.Y., ARAI N. et al. (1987) Human recombinant IL-4 induces FcE
receptors (CD23) on normal human B lymphocytes. J. exp. Med.
165, 1459.

EVANS R.M. (1988) The steroid and thyroid receptor superfamily.
Science, 240, 889.

FISCHER A., PFEIL T. & KONIG W. (1990/91) Cytokine control of
peripheral blood CD23 expression and sCD23 release: Differential
regulation by IL-2 and IL-4. Int. Archs. Allergy Clin. Immunol. (in
press).

HELFGoTT D.C., MAY L.T., STHOEGER Z., TAMM I. & SEGHAL P.B. (1987)
Bacterial Lipopolysaccharide (Endotoxin) enhances expression and
secretion of 42-Interferon. J. exp. Med. 166, 1306.

HEMADY Z., GELLIS S., CHAMBERS M. & ROCKLIN R.E. (1985) Effect of
dexamethasone on the de novo IgE synthesis by human blood
lymphocytes. J. Allergy Clin. Immunol. 75, 304.

HIVROZ C., VALLE A., BROUET, J.C., BANCHEREAU J. & GRILLOT-
COURVALIN (1989) Regulation by interleukin 2 ofCD23 expression of
leukemic and normal B cells: comparison with IL-4. Eur. J. Immunol.
19, 1025.

KEN J.A., LAMB R.J., REED J.C., DANIELE R.P. & NOWELL P.C. (1988)
Dexamethasone inhibition of IL-1/3 production by human mono-
cytes-posttranscriptional mechanisms. J. clin. Invest. 81, 237.

KIKUTANI H., SuEMuRA M., BARSUMIAN E.L., HARDY R.R. & KISHI-
MOTO T. (1986) Fce receptor, a specific differentiation marker
transiently expressed on mature B cells before isotype switching. J.
exp. Med. 164, 1455.

KLINMAN N.R. & TAYLOR R.B. (1969) General methods for the study of
cells and serum during the immune response: the response to
dinitrophenol in mice. Clin. exp. Immunol. 4,473.

KNOLLER I., BUJANOWSKI-WEBER J.; BRINGS B. & KONIG W. (1989)
Influence of interleukin 2 and interleukin 4 in the IgE synthesis and
the IgE binding factor production by human lymphocytes in vitro.
Immunology, 66, 368.

LEUNG D.Y., FRANKEL R., WOOD N. & GEHA R.S. (1986) Potentiation
of human immunoglobulin E synthesis by plasma immunoglobulin E
binding factors from patients with hyper immunoglobulin E syn-
drome. J. clin. Invest. 77, 952.

MCMILLAIN V.M., DENNIS G.J., GLIMCHER L.H., FINKELMAN F.D. &
MOND J.J. (1988) Corticosteroid induction of Ig + /Iga - B cells in vitro
is mediated via interaction with the glucocorticoid cytoplasmic
receptor. J. Immunol. 140, 2549.

NAKAJIMA T., SARFATI M. & DELESPESSE G. (1987) Relationship between
human IgE-binding factors and lymphocyte receptors for IgE. J.
Immunol. 139, 848.

PENE J., ROUSSET F., BRIERE F., CHRtTIEN I., WIDEMAN J., BONNEFOY
J.Y. & DE VRIES J.E. (1988) Interleukin 5 enhances interleukin 4-
induced IgE production by normal human B cells. The role of soluble
CD23 antigen. Eur. J. Immunol. 18,929.

PFEIL T., FISCHER A., BUJANOWSKI-WEBER J.,LUTHER H., ALTMEYER P.
& KONIG W. (1989) Effects of cytokines on spontaneous and allergen
induced CD23 expression, sCD23 release and Ig(E/G) synthesis from
peripheral blood lymphocytes. Immunology, 68, 37.

POSEY W.C., NELSON H.S., BRANCH B. & PEARLMAN D.S. (1978) The
effects of acute corticosteroid therapy for asthma on serum immuno-
globulin levels. J. Allergy clin. Immunol. 62, 340.

PRINZ J.C., ENDRES N., RANK G., RING J. & RIEBER E.P. (1987)
Expression of FCE receptors on activated human T lymphocytes. Eur.
J. Immunol. 17, 757.

RECTOR E., NAKAJIMA T., ROCHA C., DUNCAN D., LESTOURGEON D.,
MITCHELL R.S., FISCHER J., SEHON A.H. & DELESPESSE G. (1985)
Detection and characterization of monoclonal antibodies specific to
IgE receptors on human lymphocytes by flow cytometry. Immuno-
logy, 55, 481.

ROUSSET F., DE WAAL MALEFIJT R., SLIERENDREGT B., AUBRY J.P.,
BONNEFOY J.Y., DEFRANCE T., BANCHEREAU J. & DE VRIES J. (1988)
Regulation of Fc receptor for IgE (CD23) and class II MHC antigen
expression on Burkitts lymphoma cell lines by human IL-4 and
IFN-y. J. Immunol. 140, 2625.

SARFATI M., Luo H. & DELESPESSE G. (1989) IgE synthesis by chronic
lymphocytic leukemia cells. J. exp. Med. 170, 1775.

SUETER U., BASTos R. & HOFSTETTER H. (1987) Molecular structure of
the gene and the 5'-flanking region of the human lymphocyte
immunoglobulin E receptor. Nucleic Acids Res. 18, 7295.

YAMAMOTO K.R. (1985) Steroid receptor regulated transcription of
specific genes and networks. Ann. Rev. Genet. 19, 209.

YOKOTA A., KIKUTANI H., TANAKA T., SATO R., BARSUMIAN E.L.,
SUEMURA M. & KISHIMOTo T. (1988) Two species of human FcE
Receptor II (FcERII/CD23): Tissue-specific and IL-4-specific regula-
tion of gene expression. Cell, 55, 61 1.


